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The first high harmonic spectrum, containing only the odd orders, was observed in experiments 30 years ago (1987) . However, a spectrum containing pure even harmonics has never been observed. We investigate the generation of pure even harmonics from oriented CO molecules in linearly polarized laser fields employing the time-dependent density-functional theory. We find that the even harmonics, with no odd orders, are generated with the polarization perpendicular to the laser polarization, when the molecular axis of CO is perpendicular to the laser polarization.
Generation of pure even harmonics reveals a type of dipole acceleration originating from the permanent dipole moment. This phenomenon exists in all system with permanent dipole moments, including bulk crystal and polyatomic molecules.
High-order harmonic generation (HHG), the most prosperous physical phenomenon of intense field laser-matter interactions, has irreplaceable applications in many research fields: coherent X-ray generation [1] [2] [3] , chemical reaction tracing [4] , molecular orbital imaging [5] [6] [7] , and attosecond science [8] [9] [10] [11] [12] , although it has been only three decades since its first experimental observation [13] . The semiclassical three-step model [14, 15] in the strong-field approximation [16] provides an easy-to-understand explanation, in which HHG spectra encode the information of the interaction between the ground state of an atom or molecule and the continuum wave function of electrons within intense laser fields.
Normally, HHG only contains odd-order harmonics [17] for the orbital symmetry along the direction of laser polarization. Both even and odd harmonics can be obtained from the oriented asymmetric molecules like CO [18] [19] [20] and COS [21] , or from symmetric molecules (atoms) in asymmetric laser fields [7, 22] . It is a general understanding that HHG of only even orders cannot be generated, since the odd harmonics can always be allowed, even under a symmetry-breaking configuration. In 3 this work, we find that pure even harmonics are produced from oriented CO molecules when the molecular axis is perpendicular to the direction of a linearly polarized intense field. This phenomenon calculated by time-dependent density-functional theory (TDDFT) is confirmed by the plane-wave approximation [5] and the interference of dipole acceleration. The plane-wave approximation explains the polarization properties of the spectra. In addition, the dipole acceleration interference explains why the spectrum contains pure even harmonics. The phenomenon is not only valid for the case of  = 90°, but also exists in molecules with a finite angle distribution. The analysis of pure even harmonic generation (PEHG) reveals the interaction between a system with a permanent dipole moment and intense laser field. This phenomenon exists in all systems with a permanent dipole moment such as bulk crystal and polyatomic molecules. It will have wide range of applications in an intense laser field.
Quantum theory is a precise tool with which to explain the physics at the atomic and molecular levels [23, 24] . Even for the simplest diatomic molecule, solving a three-dimensional (3D) Schrödinger equation incurs an unacceptable computation cost. TDDFT [25] [26] [27] [28] , the fundamental variation of which is electron density, greatly reduces the computation cost and makes it possible to deal with the multi-electron system. TDDFT is performed by solving the time- 
where ( , ) 
The first term, ion ( ) V r , is the ion-electron interaction potential. Instead of the real Coulomb potential, the norm-conserving, non-local Troullier-Martines pseudopotential [29] with the Kleinman-Bylander [30] form is used to describe the interaction. 10 electrons (four electrons from C and six electrons from O) are involved in our simulation. The bond length of CO is fixed at 2.14 a.u. (1 a.u. = 0.0529 nm).
This nuclear-fixed assumption is reasonable since our laser-pulse duration of 27 fs is short enough that we can ignore the nuclear motion. The second term, The TDKS equation is solved and propagated using the software package OCTOPUS [37] [38] [39] [40] , in real-space grids with a time step of 0.02 a.u. (1 a.u. = 0.024 fs).
We perform the simulation in a large box, the 3D length (space grid) of which is 50 
where ( 
Fig. 1(a) shows the spectrum (dark-yellow line) in the z-axis direction for the case  = 0° that has been observed experimentally by many groups [18, 19] . As Figs. 1(b) and 1(c) show, pure odd (even) harmonics is only generated in the z-axis (x-axis) direction. Therefore, one can obtain pure even harmonics from the x-axis component using the polarization technique [47] . Considering the two facts that the even-to-odd intensity ratio (EOIR) of most orders in this work is greater than 0.04 and an EOIR as low as 0.01 has been measured experimentally [48] , the even harmonics discussed here is detectable. Also, a similar phenomenon in HHG from bulk material has been reported [49] , proving the validity of our work. Since the even harmonics originates from the permanent dipole moment, we suspect that the efficiency (or EOIR) is related to the value of the permanent dipole moment.
Multiple orbital effects have been found in the HHG of aligned molecules [17] .
We first investigate whether this effect also plays a key role in the oriented CO. The molecular populations of HOMO, HOMO-1, and HOMO-2 (where HOMO denotes 6 highest occupied molecular orbital) as a function of time is investigated (not shown here), from which we find that the HOMO has an ionization rate of nearly 5% at the end of laser pulses, while HOMO-1 is ionized less than 0.3% and HOMO-2 is almost un-ionized. According to the three-step model [14] [15] [16] , a portion of the electrons recombine with the ground state emitting the high-order harmonics and the others are ionized. This means that the greater the ionization of the orbital, the more the orbital contributes to the HHG. Since the HOMO of CO has an ionization rate higher than HOMO-1 (HOMO-2) by 1 order of magnitude, it is evident that HOMO dominates the contribution to HHG. Therefore, the multiple-orbital effect can be neglected here, and we only need to consider the contribution of HOMO in the following discussions.
In the plane-wave approximation [5, 50] , we can investigate the polarization properties of harmonics. , harmonics will be generated in the x-axis direction.
Here, we discuss why the spectrum in the x-axis direction contains pure even 7 harmonics. As Fig. 3 shows, the harmonics of the z axis [blue curve, Fig. 3(a) ] has an opposite phase at every half-cycle due to the change of sign of the driving laser field [52] . The expression of interference of two spectra separated by a half-cycle in the z-axis direction is written as (1 )
where N is the order of harmonics. This formula, just like formula (6) (1 ) . Therefore, the spectrum in the z-axis direction contains only odd orders (blue solid squares in Fig. 4 ).
In summary, we generate the pure even harmonics from oriented asymmetric molecules (with and without an angle distribution effect) in linearly polarized laser fields theoretically, which is an important step in completing the HHG theory. We also provide a simple and reliable method, in principle, of completely separating odd and even harmonics, which is a potentially useful tool in high harmonic spectroscopy.
Finally, we invigorate the investigation of a interaction in a system with a permanent dipole moment and intense laser field. This phenomenon exists in all system with a permanent dipole moment, such as bulk crystal and polyatomic molecules, and will have a wide range of applications in the intense laser field. 
